A mineralization method HCl-free for heavy metals analysis in sediments and soils by DRC-ICP-MS was developed. The procedure, which uses concentrated nitric, hydrofluoric acid and hydrogen peroxide, was applied for the analysis of arsenic, cadmium, chromium, nickel and vanadium. The same samples were then analyzed, as pressed pellets, by wavelength dispersive X ray fluorescence (WD-XRF) using the dedicated PANalytical Pro Trace solution for the determination of trace elements. Comparison of ICP and XRF data showed good agreement for the elements under investigation, unless for chromium in soils, which recovery was not complete.
Introduction
The accurate determination of heavy metals content in environmental samples is of primary importance and it still represents a significant challenge. Taking in account the complexity of the matrices involved, the identification of reliable and fast methods for this application is a difficult goal to achieve.
ICP is a technique widely used for these purposes. Despite the introduction of close vessel microwave assisted mineralization system has been a crucial improvement, the sample pretreatment step is always a source of heavy uncertainty. In literature the problem of efficiency of the analyte recovery by varying the leaching/extraction procedure is widely debated over many years (Baffi et al. 2002 , Hassan Nouri M. et al., 2007 Quevauviller et al. 1996, Sandroni and Smith, 2002; Wang et al. 2004) .
Wavelength dispersive X ray spectroscopy (WD-XRF) is an alternative analytical technique widely used for quantitative determination of the chemical composition in several type of geological or industrial samples: rocks, soils, sediments, cement (Dirken 2003) . WD-XRF is a fast and reliable solution that covers a large part of the periodic table, in addition to having a field of application ranging from % up to ppm (Rousseau et al 1996) .
Few studies based on the comparison of the XRF and ICP data are reported in literature (Amorosi e Sammartino 2011 , Bettinelli et al. 2003 , Chander et al. 2008 resulting in a complex picture. Indeed if Bettinelli reports a good agreement for sediments and less for rocks, either Amorosi and Sammartino and Chander clearly observe some problem for soil analysis. The ICP data indeed are strongly related to the digestion procedure, that can be often incomplete. As Amorosi and Sammartino emphasize, it's therefore important harmonizing the data from different analytical methods, a problem often overlooked.
The discrepancy between data from different analytical techniques results in significant consequences in the classification of environmental samples with respect to the legal limits. For this reason the argument is worthy of further information.
In the present work a comparison between the data obtained by XRF and ICP analysis on sediments and soils is reported.
Materials and Methods
All samples were grinded and homogenized in a mill with agate balls, before the ICP and XRF analysis. The particle size distribution was monitored using the particle size analyzer Coulter LS1300. Based on EPA 3052 we developed a method for sediments microwave mineralization at 200°C, using HNO 3 :HF:H 2 O 2 (16:1:2) in a MW digestion system Milestone Ethos One, using HPR-1000 vessels. All reagents were ultrapure grade for trace analysis and water was purified by a MilliQ system. We analyzed the digestate by means of DRC-ICP-MS (Perkin Elmer mod. Elan DRC-e). Instrumental condition were optimized for the best LODs that were reached by using a reaction gas: oxigen for detection of As ( 91 AsO) and 114 Cd, methane for 60 Ni and 52 Cr. 115 Indium was used as internal standard. The method was validated using two certified reference materials (CRM): TH2 (Toronto Harbour Sediment for Trace Elements -National Water Research Institute) and Trace metals-Sandy Clay1 (CRM049-RTC).
Pressed pellets samples were prepared for XRF analysis by mixing with wax (4:1) and pressing them using a manual press. XRF analysis were made with a PANalytical Axios Advanced spectrometer equipped with a 4 kW Rh anode X-ray tube, using the PANalytical Pro Trace package. This is a dedicated solution for the trace analysis of 43 elements based on the measurements collected on a set of high quality standards. Pro Trace performances were assessed by the analysis of several CRM (Govindaraju 1994) .
Results and Discussion
We developed a mineralization method, for sediments, HCl-free to avoid interferences determined by chlorine adducts in ICP-MS. The use of hydrofluoric acid in small quantities did not involve difficulties and its use was recommended in the literature for the effects generated on the recovery of different elements in several matrices (Baffi et al. 2002 Similarly the method performances were valued when applied to soils, assessing accuracy by the analysis of spiked soil samples and certified soil reference materials ("Trace metals -Sandy Clay 1").
An overview of the resulting quality parameters is summarized in Table 1 .
In the XRF Pro Trace calibration process particular attention has been paid to the determination of spectral line overlap corrections, background treatment and absorption effect corrections. The matrix correction was based on the use of the mass absorption coefficients (MAC), calculated following the Nesbitt method (Nesbitt et al 1976) .
In Fig. 1 the calculated calibration line for vanadium, one of the elements under investigation, is reported. The results of CRM measurements (×) used for validation are also shown. Both ICP and XRF analysis were applied to sediment and soil samples and to the CRM TH2. Fig.2 shows the results obtained by the two techniques. Each point represents the average of several repetitions (preparations and measures) and error bars their standard deviation. The straight line represents the hypothetical overlap of the results of the two techniques and the dashed-dotted gray lines represent a spread of 30% respect to "ideal" straight line.
Most of the reported data shows good agreement between ICP and XRF results and are within the range delimited by dashed-dotted gray lines. On the other hand a strong deviation is observed for chromium on soil samples. The achieved results are aligned along the dashed line, representing an average of 32% of the XRF detectable content.
Incomplete chromium recovery by aqua regia digestion was observed by Amorosi and Sammartino for soil sample, while Bettinelli, using a mixture similar to the one we use, showed a complete chromium recovery for sediment samples, but did not report that obtained for rock samples. Chander suggested that differences in chromium extractable content from soils by different methods can be explained by differences in contamination source as well as sample pH, organic carbon and clay content.
Conclusion
The comparison of data obtained by XRF and ICP analysis on soils and sediments, mineralized with a mixture of nitric acid, hydrofluoric acid and hydrogen peroxide shows good agreement for arsenic, cadmium, nickel and vanadium, indicating that this technique of extraction/mineralization allows the determination of the total content of these contaminants in the analyzed soil and sediment samples. For chromium the agreement is observed for sediment, while its recovery in soils is an average of 32%, compared to the XRF detectable content. This highlights the importance for a multi technique approach on trace analysis of environmental samples.
